Introduction
The causal pathogen of lentil anthracnose, Colletotrichum truncatum sensu lato, has an extensive distribution world wide, including Australia. The disease, lentil anthracnose, has been recorded world-wide in lentil producing countries such as Canada, the USA, Syria, Pakistan and Brazil (Lindbeck and Ford 2005) . In Australia, C. truncatum sensu lato has been recorded on peanut (Arachis hypogea) and soybean (Glycine max) (Lindbeck and Ford 2005) but has never been observed in the field on lentil, despite extensive commercial lentil crop surveys throughout Victoria and South Australia for disease symptoms, including 85 crops in 2001 and 41 crops in 2002 (Lindbeck, unpublished data) .
In recent years the identification and nomclature surrounding strains of C. truncatum from lentil has been a topic of review and currently is not entirely clear. Gossen et al. (2009) suggested separation of C. truncatum that causes anthracnose on soybean from C. truncatum that causes anthracnose on lentil based on host specificity and latent infection studies. Detailed taxonomic and phylogenetic studies by Damm et al. (2009) and Latunde-Dada and Lucas (2007) suggested that lentil infecting isolates of C. truncatum appear to be more closely related to C. destructivum or fall within the C. destructivum clade, rather than C. truncatum. This discussion is outside the scope of this paper and for the purposes of this study the causal organism will be referred to as C. truncatum sensu lato.
C. truncatum sensu lato has a wide host range and there is sufficient evidence to suggest that there are host specific pathotypes, based on both morphological differences in spores and molecular analysis (Lindbeck and Ford 2005) . Molecular analysis, using both RAPD markers and 18-25S rDNA sequences, demonstrated the genetic relatedness of C. truncatum sensu lato isolates from the same host species and discriminated among isolates from lentil and other host species (Ford et al. 2004 ). The findings of Ford et al. (2004) were used to develop the diagnostic test outlined by Lindbeck and Ford (2005) . It is important to note that while the exact nomenclature of the isolates used is under review the isolates used in the study were Colletotrichum sp. sourced from infected lentil plants in Canada.
Lentil anthracnose was recognised as an economically important disease when discovered in Canada in 1987 (Morrall 1997 . Rapidly developing stem lesions cause dieback, premature ripening and potential yield losses of up to 60 %. C. truncatum sensu lato is not highly seed-borne in lentil and it is rare to find seed with more than 3 % infection, even when it comes from severely infested crops (Morrall 1997) . Buchwaldt et al. (1996) studied the dispersal of anthracnose and found there was potential for wind to disperse anthracnose inoculum within old lentil trash, especially when aided by modern harvesting methods and the microsclerotia of C. truncatum sensu lato that are produced within lesions have considerable longevity, surviving up to 4 years in soil.
Evaluation of advanced Australian lentil breeding lines and commercial cultivars in Canada has shown all material to be highly susceptible to lentil anthracnose and therefore this disease poses a serious threat to the Australian lentil industry. It is ranked by Plant Health Australia as the highest exotic fungal threat to lentil. An incursion of the lentilattacking strain of C. truncatum sensu lato, initiating lentil anthracnose, would result in a dramatic reduction in the area of commercial lentil production due to increased costs of production rendering lentil production less economically competitive. Host range testing in Canada has shown that faba bean and vetch are also highly susceptible when inoculated with isolates of C. truncatum sensu lato from lentil (Buchwaldt et al. 1996) . Glasshouse testing in Canada has also shown that field pea can become infected but symptoms are mild (Morrall et al. 1989) .
Lentil anthracnose can be diagnosed classically by foliar symptoms but may easily be mistaken for other common foliar diseases, such as Ascochyta blight (Ascochyta lentis) or Botrytis grey mould (Botrytis cinerea and B. fabae) (Lindbeck and Ford 2005) . Characteristic structures of anthracnose such as setae and microsclerotia may not always be present at the time of sampling and while these structures will develop under the correct conditions this can take up to 36 h. Here we report the first use of a PCR diagnostic test in a large-scale targeted survey for C. truncatum sensu lato that was undertaken in the lentil production areas in northern Victoria during October and November, 2007 . This PCR offers a specific and rapid test that is sensitive enough to detect low quantities of target DNA in the absence of disease symptoms.
Materials and methods
Fifty-one crops from across the lentil production areas of northern Victoria were sampled and variety and GPS coordinates were recorded (Table 1) . A total of 2,040 plants were collected. For testing, plants were pooled into four groups of 10 for each of the 51 crops. Samples were kept for retesting individually in the event of any positive samples being found. DNA extractions were carried out using high throughput methodology in a 96 well plate format using a standard DNeasy extraction kit method (Qiagen®). PCR was carried out with Brilliant® SYBR® green QPCR master mix (Stratagene) and the lentil anthracnose specific primers, CTFP2 and CTRP1 from the internal transcribed spacer (ITS) regions of the 18-25S ribosomal DNA sequence (Lindbeck and Ford 2005) designed to amplify DNA from only the lentil-attacking pathotype of C. truncatum sensu lato. DNA of lentil-attacking isolates from Canada was used as positive controls. The Canadian isolates used were isolates 99-70,946 and 99-72,126 sourced from Saskatchewan and supplied by Lone Buchwaldt, Agriculture and Agri-Food Canada, Saskatoon, Canada (Ford et al. 2004) . Healthy plant material and no template controls (NTC) were used as negative controls. For analysis of results, the detection thresholds on the QRT-PCR machine (Corbett rotor-gene 3000) were set at Fluorescence 0 20,000 dR (Y-axis) and Cycle length 0 30 cycles to exclude false positives. Results were confirmed on 1.4 % agarose using the ElectroFast® high throughput gel tanks (ABgene) and visualised under UV with SYBR® safe DNA gel stain (Invitrogen).
Results
DNA was amplified from the positive controls and not from the negative controls indicating specific, non contaminated reactions. PCR using primers derived from Medicago myb genes designed to amplify genomic plant DNA yielded the expected size fragment in a selection of survey samples, indicating that the DNA is non-degraded (results not shown). No product was amplified from the 204 pooled samples (representing 2,040 samples) from the 51 Victorian lentil crops tested indicating no evidence of lentil specific C. truncatum sensu lato in the DNA samples (Fig. 1) . The results were mapped against the crop locations (Fig. 2) . (Morrall and Pedersen 1991) and consequently in 1991 it was found in all major lentil growing areas of Saskatchewan, indicating the disease had been present but undetected for some time (Morrall et al. 1992) . Previous experience in Australia with lupin anthracnose caused by Colletotrichum lupini (Nirenberg et al. 2002) has found the disease to spread rapidly in crop and ornamental lupins under favourable conditions (Sweetingham et al. 1995; Lindbeck et al. 1998) . It is thought that C. truncatum sensu lato may have the potential to spread quickly in a similar manner, causing the disease to establish rapidly under favourable conditions in Australia (Ford et al. 2004; Lindbeck and Ford 2005) .
From experiences in Canada, lentil anthracnose had most likely been present for some time before being identified (Morrall 1997) , highlighting the need for regular, targeted, surveillance surveys in Australia and correct identification of diseased plants. Accurate diagnosis of disease, based on symptoms, is not always possible. Early detection is critical and may prevent a large scale incursion of the disease, increasing the likelihood of eradication. This study demonstrated that high throughput real-time PCR is suitable for routine surveillance surveys of lentil crops for lentil anthracnose. Large numbers of samples were collected, over a large area and could be processed relatively quickly. This method was also shown to be appropriate for use in response to a suspected incursion of lentil anthracnose where rapid and accurate pathogen identification would be required.
